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The present inTontton nUtti to a process f» 
the prodoctioa of ethylene oxide by oetslytie Oxidation 
of ethylene. 

Ihe preparation of ethylene oxide by oxidation 
of ethylene In the presence of snitablo eatalyeta lo 
eell kzMWu 

These Jama prooeaee* eea be divided into 
too greops, la the ft ret one ttoo oxidation la carried 
oat la the presence of air, la the eeoond one la the 
preeeaoe of pore oxygen* 

Xa both eaiea use le asde of ceteXjete tarn 
la the art at •ellrer eatalyeta 11 ! •etellio silver 1* 
la faei the tleaeat that proaotet the oxidation of 
ethylene to ethylene oxide • 

Xt it alio fcnoen that In the jveparatioa of 
theme ellrer oetelyots <jaoy bo deposited oa enl table 
aopporte ana in order to improve their activity* 

A kaova Industrial prooeaa for proaaoina; ethyUaa 
oxide ooaprleee rote ting a alxtare eentelnlag ethylene 
la the range froa 1 to 5QC, preferably froa 2 to 1&, 
end oxygen (or air) la the range froa a to Qf » oa a 
silver catalysts bed at a teaperatare froa 15& tn hfl0°O 
ana at a preaeare la the range froa 0.7 to 35 atmospheres* 
to overeoae lo* yielda aa Inhibitor le need, for exeaple 
an baXogenated organic eonpaand for lnatanoa dlohloro- 
etbeno. Oentaet tinea ranges generally f*o* 0.2 to 13 



Ve hate now eurprlolngly round oat that It la 
no • alble to esconpllah a very profitable industrial 
prooeee if e very concentre tod ethylene feed la allowed 
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u, eCB toot • elltw eatoly.*. hor*la»f»»» doooTibod. 

Aocordlns to tbo proomt lwontlon ftw »■ l*""* 1 

. PMCM. for tho * ot»l«w * 

pbre oSyc aa or » BI *«* B ■* • 

rwaiae ira loo to boot and ot • now* rwigl»« fw» 
to 39 ot»o»phoroo oosprioitS roo*«i« aittvtaa »t • conoan- 
tr.tloD.of fro.*0 to fit* in tho UNW «* - 
•titotod V **> ©» "Mta, tho wrtlo hataoan tfca «ro» 
of Af and tho ni of |tw oto» <* «X>*» o*d bar*- 
aqsal to or gmUf Hum S* 

Ttu, M«t prefaiTofl etfrjaWaorwa rotto la tuo 

la higher thaa 5. 

fflth HtwM to Uta eatklykt oapWoft t« tho procOU 
a* «M jMMt tawaticn It lo net poo.ibia to otmco oil 
ontolpotai »>m of the* biro U«Xo ootlrttx preaoni 
•oloottvitn • r»ar»l tat not HadtatlTO criterion tor the 
of the ootelyet ni bo bo-od on the **\ «het tha boot eeUlpet 
•mb to *e the onoo baring o» eatiea pert eUTwr and ether ot*- 
pounde W«r eleaento a* pore ■rtalo, artaUofcU. halogen, or 
their ceapoond. tea tor efteetti* eHdetl» reeoUos. 

rta elBnonto end/far coapooBda aMon preaote the ethy- 
lene oxide fan>lti«> reeetloa ere iJWW eerth mUU «eb M 
ealaloa ead~ber*a. ««ob eleaeat. end/or ocapwade «eahe W 
orted oa * curler «a. If toe -assort 1* al«aii)», it ehoold 
horn o good porMlt? to olio, ttt eetlw pet (W, Oi e* »0 
to bo aett dlotrlbetoft end ft«ed thereon. 

Oetelpet oe» he need m> saodor too, the* U tbo ootti* 
port only («.*• Mr flaldlnod bode) wltboot anpport. 

r*»j*i*tlont of eatelrete eeeerdlag to the pmeent 
invention oro illustrated Sn tho exsaplee. 

Tho pmoooo of the present iaventlon eheae that 
bo laoroooo of ethylene eoneoatreticn e«ne«e • oon*«P««dlBf 

8' 4 & V 
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lnor*a*» of eeleetlTity sad. oostrarlXr to what generally it 
cited la literature, a reaction Telocity dtomM* 

When the aaioatioa operation la carried oat with 
the ethylene eoaeeatraUon of the preftent laroatlen It ia 
OBUAUr notice**** tint the notarial emtttaU&i the 
reaction *pljmtmt* im tasted ay arn aar hana peeelhlr preeent 
la the feed or nn galea preeent have little er no 0ctr*~ 
aentel effect ca the protect proeete, flu coated of tea 
ratotaait la uroaliw «Oj aoooMnr/ to proride good reemlte* 
Za fact It hat baea found tatoa dioxide aaod Bat ha 
precluded from the proooee «f th« present laraattaa. Tnle 
U curKOeia* uillov ethylene coneentretione (lo. below 

190 ©arben dioxide haa aa nndeelrehlc etteot ca taa eat~ 
aim activity* 

Acceptable loraie of inerto far ezaaple aa 
aatoreted hydrocarbon* end two saeee an oh *e oa 
ta Tfi U (cot of the gaaaoaa alxtare, preferably aet 

191 end 50* aa* aoet preferably at leeit fio*. 

It aee been alaa earprlelagly found that athaaa 
aaa Utile or no detrlAeetal effect oa tho preeent preocea. 
Coafllotiat eteteeente hete teen aada la tho prior art aa 



ta the preeonee at athaaa la taa prooootloa of ethylene 
exide. la U.S. Jfetaat 3»U9 § d57 it la atatad that hydro- 
oereoa. ohoald bo withdrawn froa taa food alataree while 
Jrenea fatent 2,353,797 ota taa athaaa treei h to hC% by 
▼cluae of taa food alxtare can aa paaaaat wltheet xar- 
dcclrwble of foota, nam it la aat oleerly apparent wfcy 
la tho precast preeeec ethane aaa aa preeent wHaact to- 
******* tteedwenteteg. rcraape tho only factor* which aar 
affect the eitoetlon ora tho ethylene ooaoaatratlaa aad 
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Mto miM to too uuliiiwlto p«*«nt 
mention too cat-Oret oooprtooa oil*©*, ©otoi» o«a 
caab that toi &re» ©too nU» at lUw to ©mlotoa **» 
barfeft U at XeaOt W. *» from 

ax .Ufor to oatoto» ptoi *»rUm !• li to IS. loo* prof**- 

**X7 to. sitt etooto rmti© of At/fefeo 10 13*^/1. 

X» to© pi^orroA tefcoatoeat ©* tot praatot toronttoft 
tho aottoo pert toot to oilWr. c«lol» *• 

i a carrier. Fop toi© porp©*© ©©rami© ©*rrt©re 
an to oBpa«/od# Umd ttr* 4 *'**- * B v«oA it 
e«»t nave * ©el***© poroeit* end'prototoMJ bo wvmiurant. 

Aootfcer UQ>ort«st footer to tHO praporotioa 
toatolgto of to©*© ecoponlticaa. 

ihe boat teotai©*© ooaUtti e*«te*tie»r to «ra- 
p^i^ 4 cola tics of eat©* ooWblo .alt© to ©©tor. ooid 
•alto b©to* ©«»tttote4br ©©t©l© of to. ooUto sort of tbo 
oetalr.te, proolpltottotf ©©id ootal. to too ©ototlim oo ee 
to obtain o poaoar of eotto© port, preparing o ooopomIob 
of tola poo^or, tremttof too oorrior ©lto ©an ouopcootto 
aad finally flrrtot «* hoot traatto* too ootolrot obtoitod. 

fho oao of hlfr ©torlea© coooetttratito to too 
food atoplifdoo-too opo*ottog orol. and ellovo* oo befar© 
saotlosod. to aoooa^liob attvloBo oxldo prodnotloo to eery 
odTnUtfooao ©audition©, 

a amplified CUor-oobomo of too procooo eeoordtof 
to our towiti©* to roKTOtootoa to fl«. 1 •*«*• to o 
reactor % aontolnto©; ollvor ©etelrato, otoartoo* aad 
ceo or atotore ocntatotog oare©» oro eewt to*o©e* lto© 
2 t ©tori©*© aad ©us©© or olxtore oantototog ©onto 

5 4 5 it 5* 
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Introduced threap lnleU 3 «A b r*vpo6tlw6l7l fron tfco 
reeotor 1, a eUtore coataUilJsff ethrlnne e*lan and anreee- 
ted cottpcoMU ara withdrawn, eeld ettean ie Mi to tnfl 
tower 3 whero the ethylene oxide ie ahtoThod Ail* ua- 
reeoted eaapeanda ere withdrawn /rem tee top or tower 5 
end partially recycled* hooeata of their high ethylene 
content, directly to the reeoter 1 through litti «. *ho 
ether part aeld vnraaoted ooejwoaU ere eent to tower • 
whero the euylooe ie eorafcbcd end where e O0g and inert 
ceeee para* Ie prertdedi the ethylene recov e red Is 10 
la recycled to remoter 1 through lino 9* 

feroeeh inlet t water *w reaoTln* othylane oxida 
ie intwoaneed. 

Between tower 5 a** * an totewiodiente Ota**, 
e.g. to aerao O0 fl> end alee eeveral oxidation reeetore 
tad other eenventioael conipneiit known la the art agy 
he provided* 

Zhe vroeseo eeeerdiaf to oar intention allow© to . 
detain hlsh eeleotititar *ifrm lmreaelaf with the otSar- 
leae ceneeatretlonj fertfccraera beoaaee of the higher 
Unite of the eeneeatretlen rente (easel? 4CMBq0 thle 
prooeee aUove to operate, it it ie caawenient # -«al4JW 
e^renUcoaT)Dto*a^ro«etee ~ witfcoat inhihitore, tea 
an laportaat advantage ia eehieTod beeeeae the ethylene 
oxide leering the reenter doae net contain nadetlrehle 
inpnritian. 

When the operation in eerried eat in preeenee 
of en inhibitor, thle eas ho ehoacn in the wide olaao 
of the eenpcaade known in the art for thie parpoee ee» 



for lnetanoe, the helofieneted organic 
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too* oiahlorottfaaiw la oa«gootod. wooomw*** 

TO fe. mat f oaploya i*tolto»o ooaotoio*. to 

vm proceta MsanltM to tbo r*ototo towattoa. 

8,^0* .najto tt» —*f or tthtoitor 

ototoo «* prrfortol, »»~ — 93 N*. ^ 
M*^ ^mtl M , x* to WO° W». 

Ottor .flrrnta*.. o*i»0 too to tto root It to 
po-m. to oltototo. to. 00 R »««*~ ~«*«« ^ 
art jrocnutTi XU« M ototoa pf«»«o»ay li to 
..toUr naoc«r, to ro~ro fro- to. food .totow. 
XM. «llo~ for UP~«— t to opoiottal oooto « «P-«* 
foe*, «d eowo»«ttol o«ol»Mat «xo aot roptoto. 

M It to aottoa* too* *•**» *° 

MttwOaM 1ft t» VTOMM ** «*» *' ****** ** 

th» PO**0. 

A ftrtbor otooaue* to «»* to to pooototo to 

ope~to with owa *»" * 

to too oxplo^rltf li-lto of too atotano oat it top*»o* 

too ptoato proauottTlto* 

Asotbsr muioM* atnatogo to toot wlto t*o 

.* o^raf ot * toaporMa*. toao* ««a to o«*«atto»al 
prooo.ooai too toapoTotw". a* roato ma JC* «* aoaa- 
tlao low **»oo. oatoaola* to tola oar «» "*^*** 

to, wootion uaporotnro mw» fw» loo to M*"*. 

^ too-atooa »U1 ao» to .Who* 

trotoo or too foUovtoS owaploa. 

«. toot, f to, «an*. *- ^ 
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t tor aaa-oiaawata g gaj a afr 

6<*o ttetft h*ve ^mb carried eat ti aoaataat 
t#*peratar« uA ftt »«Y«r*l rthyleM content* la t&e fa*& 
villi • 3/l£* citalret prepsNd la the fal liming wayt 
100 grvM of sUrer altraU, 2» graaa of 
tooratc etlolaa &11mU ft&d 21 graft* of ' 
altiato «ere ftlitolrod la 1500 00 of 1 
nWr UaVfeaAa ratio U 15/*.*A). 
taa <* t*iao* DiaUtA, aaia* aaj at 
bacrata of tfet p*»acno» of aaatt tvaaa* of alitor ahXarida 
«aa( aay flora, «m» fUtot^d with «**a*aattta* 
as aroaa ot ■nhjrdrcot *odina cuaaaata 
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wwre atooolwoft lnjoooow ddMiUoa w4 
pcrlttid «tar with 2 groat of ottwo* ©Itroto. 
«* <*Uto»& octette ww muni 



of oaloloo chlcrld* (wtwat 10 op) » 
oAAra to tf* oit**to ool ntl m. . 

f&* ecproolsltotloo of allrtr oaloltai oo4 

OOfOOBOtOO OOfl^JOj^g 

too oo&ioa AtmoMU odlttti w to to* oltrMoo 

Ercolpltfctftoo of tU owfeoootoo to t WOOT 
etfrttwiowd fm m ootolso* 8tto oomieo mo fttt 
tfid too procipitato mood wit* ttloouod w*t«r cod 
to « otowi, to v**vno* or o oontt oto flow, for oooo - 
boofo ot o taoporotcro of XwAfc • 

Abort 120 grow* of oatoljtlo pOW*o> ooto. • 
(fbUtoodf sold powdor wm« ftoelj oiXUd to ft bww oUl 



too «Ulwd oatoljtlo porter woo 



'. , - fl» owlo woo o 

btrlog too follow*** obopootootottoo^ ; 



(JUootoo BU* 5&o*7 sorton)* "... ^ ' 
8a*p* i V^~4Ui»*« r Bjtoiot ... . 

Ooapooittom . * ' . : " % ; *r 

nyodool/StwooSjr oharootorlotloo (2 tajrh J - 

♦ JftdUlto 

otrnotwoj oorooUr bj Tolas* p 50. 
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par** rsAlX • XDO - TOO crto*a» 

Shit curie* preao&ta* a parol 
j»*tla»la*ly fruiWVX* far t&* parpoft* •» it ailaf* to 
<*Wla * coc^lotd sn»tratla& at tt* aatrtjat aian 
into cos mo ptf t« af tat ajhera** 

Or em« other tj»cs at •llaaina a* af • 
carrier pjwmtlns th* jrapartle» ©waft 

iitoiMUaa «*• act Mixing • - 

cfeUlsoa eai»XyUA pea&tr vitli 900 &*m af * 3^ 
cihylimo glycol Boatman afcfl treattcf tfc* 
•cnpftuKa wit* $90 of ottrtw Xfljt ttUvlatf 

<Eh» attained witter vu drltd end ectiTeWd 
tmtor eaatrattoa *1* Aw, a* efeaat tar aaae 



0tld cetalfit, far tte ajotevtlaa at thm 
eiud teete, bu ten put In • reenter bsrtag n X » 
A^SS^&d e 1" dlantter, Jfcopi at constant tenpcretare 
V dovther* Jentet stirred t>r nitrogen fin* 

B» operating oondltlona l«w the foUortnfi 
{ atMtjnafta * * * . . 

I 17A • - B ^ 

Catalfftt AMKBt t Hfti BTW. 8U1W 

Plow rata t «10 «A* 
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I tfc6» HO 

Tfr» r «Miu of the Umte wenet 
Wo. of 



JG0 in the 
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129 
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X& ttoo ooao rMetor ma otto, too ooo« 
ctu^t of «*• A • of to* It* 

Mta>tNU«RI Of Oth»10W> •»* totpfcW OOBOUrf «» 

*oaoilaa roloeltr* *T »»*»■ •* twsswtwo, **■ 

or rtoot J*o*U. •** thrfow ooaoofttrotlo. 
t*** M«oo» Ut «* Md «• oottort U» «• of . . 
jo. ft a «ooBoa« «o in taql* 5. ..- 
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ulclsiA at yuPo for a*oot 5 turn in a QO»t*oU*a 
«lr flea* 

Vith tola 
f>oi 10 to 15 fcm bee* ; 

AH the caUO^iU t*cm X to 15 toea 
«cqXot«& to toe aro**otia> of *to/i«» ccdfl* with 
te*to ocotatoto* e*tte» # to6C^ctf et2*l*a* . 
^ 25 of cxTSozu n- faealto of Um Ueta era 
efaova to taVa 1 poesfel* reriaata at to* . 
CfttgDoltlasi oT toe fviA aftztore are toiH na t e JL ' 
9b* tMU tore bee* oerrle* out to a 0pfiT«jtlonU 
reactor bartos; a X » Ocmgart, a X" dlaaeter leap* at 
constant texvaratore by a aofttm 3*efcet kept to 
•glutton trr • nitrogen am ana to a> rah aa? to 
bare the saw jroaaetteitj l*e* toe 
eoiee or etorXana roMtofl p«* oataljat 

r 

eaa per boor* • • 

*r«*ttoallr the pvoAa&UTtty *»» to** at a 
rate of 1*0 ~ SOOaeolc* of ethylene per liter of . 
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o* 0.03 TOP *y toIhb* with wwrt to tfc» slxtm* 
too roaklaaooo we»o lcLsrto f obowo «H altrog«n> fa* 
cfetuaoft roouito tUvrl? ofcowta tho t&Xcmitm t*onn* 
*i l0V •ih 7 l«PQ efitttttNllM d*00t *) tho pttonwo ©* 
•tfciso ftocrpljr doowefl tiM ooltetiTltwj tola oftoot 
omoNta with inoromoln* otayloan ooso*ntroU«» tUX 
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sv*o*oo torn X to € to Ufclo 3 oiatUr to tho 
dtoeriboft la If tho ca* softer 7 two of tho 

tjpt etftortt** la U.O.P. 2^77. U35. 

Cm tdxtroo oovcoitlcao «*e ***** 
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7b» otfeo* optrotlag oeaaituno ww*o Iflntloa l 
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torlsa nUli toon ooM ***** oolation, W«« • 
of oafA froolvltotod •liver. caXolia ood aotalo* 
preparta* a ^ipat^ of a-iA ponto*. o*.i»!b*tln* oaU 
portor on a Qinitf a*« o*-rtot too po»ao* ca oaiA ©orrlo*. 
6 # A prom* wcoienw tow«tof tb« prooootof 

olalno toawto oala oaloatlon U c«rrl«d oat in to© I"""™ 
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^ A **»****9 *0 oUin • ****** #tlUDt 

* * pv**m*t to a ©oaooatratton of «p io 5* 
10. a jfoooo© fcooordiBg to olaln 9 tooroto too otoana 
la prooont la * eonooat*atlo» OP to M*. 
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olaltt* «HtMlX> too i» 1» tl 0CB»O&t2»ti»» <w * 
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or l* to 60*. 

13. A prooooo o ototdta g to any otoo of toa 
olalno tateoto •» lsfeiMtor lo juooiut* 

14. A prcooM «eoo«dina to olaln 35 "Aoroto tho In- 
hibitor lo o* arpaaio haloaoootod cuMpouaA* 

15 # A poooora aoaotalne-to ©Uin lft *wroto too In* 

btoltea- lo prooont la an aaoant lofti than Oji p$ow 

15. - A prooooo aooovdJaft to olaln 15 ohoroln lao In- 
hibitor lo p*oo«t to on aaooat raging trim 0.01 to 04 ion. 
17. A prooooo owKotAJng to olaln 1 ao horoln < 
with rora*aooo to tfco taaoploo* 
19. A proeioo aoomOtog to olaln 1 ao haroln < 
alto raforoooo to too tocoi*** 
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